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We show that the Langevin equation for a nonlinear-optical system may be obtained directly from the Heisenberg equation of motion for the annihilation operators, provided a certain linearization procedure is valid. We apply the technique to the parametric oscillator used to generate squeezed light and compare our results to those obtained from Fokker-Planck-type equations. We argue that, only when the Wigner, as opposed to the P or Q, representation of quantum optics is used, do we get a correct description of the underlying stochastic process. We show how the linearization procedure may be carried out to describe the operation of the parametric oscillator both below threshold, where a squeezed vacuum state results, and above threshold, where we 6nd a squeezed coherent state. In the region of the threshold a heuristic extension of the method leads to a possible description of the system by means of a nonlinear Langevin equation.
There is a standard procedure' used in nonlinear optics to obtain the coupled Langevin equations describing the interaction of two or more modes of the light field. A "reversible" Hamiltonian is first constructed, representing the action of the pumping field and of the nonlinear device. To this is added an "irreversible" Hamiltonian representing the interaction of the radiation modes with the walls of the cavities (that is, the mirrors). The equation of motion for the density matrix is now reduced by eliminating the heat-bath modes; for this step we have to make certain assumptions about the relevant relaxation times. Then we pass to a generalized Fokker-Planck equation for a pseudoprobability density by expanding this density matrix in terms of a suitable set of basis states. The final step, from the "Fokker-Planck" equation to a "Langevin" equation, is a heuristic one, and consists of comparing the quantum process with the classical Brownian motion process, for which the latter rather than the former is the more fundamental equation. This is a highly ambiguous procedure; it is not possible, in all representations of the density matrix, to guarantee that the 'probability" density is positive, and even when it is positive quantum theory gives us no criterion for deciding whether, as in the classical case, the distribution is over dispersion-free states, or whether 
This is rather unphysical in that it ascribes part of the noise to the coupling process rather than it being a prop- 
